Abstract: This study examined whether the rising trends of wild boar (Sus scrofa)-vehicle accidents in Sweden are accompanied by a higher amount of personal injuries and costs. Temporal trends in accident frequencies and the number of persons injured in wild boar-vehicle accidents were examined for [2003][2004][2005][2006][2007][2008][2009][2010][2011][2012][2013][2014][2015][2016], and the cost of wild boar-vehicle accidents was calculated. Results show increases in the number of personal injuries, and increased costs, particularly after 2010-2012. The total number of wild boar accidents correlated with the number of injured persons as well as with the number of accidents with personal injuries. Approximately one person (1.13%) is injured per 100 wild boar-vehicle accidents, and approximately one accident per 200 wild boar-vehicle accidents will result in one or more persons with injuries (0.5%). However, most of the persons injured have slighter injuries. Although the number of wild boar-vehicle accidents and the number of persons injured in the accidents have increased, the frequency of accidents resulting in personal injuries is still at low levels in comparison with, for example, frequencies of personal injuries for moose accidents. The cost for wild boar-vehicle accidents has increased between 2003 to 2016 and is currently estimated to vary between approximately EUR 9.66-12.31 million per year.
Introduction
Wildlife-vehicle collisions are a worldwide acknowledged growing problem with millions of accidents with large mammals occurring every year [1] [2] [3] . Wildlife-vehicle collisions cause the deaths of millions of animals globally and have serious traffic safety consequences in the number of human fatalities and injuries, as well as causing substantial economic losses [4] . In the 1990s, Groot Bruinderink and Hazebroek [5] estimated that in Europe wildlife-vehicle collisions annually were approximately 507,000, resulting in 300 fatalities and 300,000 injuries and that the costs for the property damages were approximately $1 billion (US).
Wild boar (Sus scrofa) are among the most extensively distributed large mammals worldwide, and in many parts of Europe, the wild boar populations are increasing [6, 7] . Vehicle accidents involving wild boars are also increasing in many new areas of the world due to the successful ability of wild boars to colonise and recolonise [5, 8] . In Northern Europe, for example, wild boar has recolonised Finland, Sweden, and Norway [7] , resulting in a 250% increase in the number of wild boar-vehicle accidents in Sweden between 2003 and 2011 [9] . More specifically, in Sweden in 2003 the number of reported wild boar-vehicle accidents were 755, and in 2017 they had increased to 6085 [10] . predicted and may motivate further countermeasures in the planning stage to mitigate or decrease wild boar-vehicle accidents.
In this study, we examine if the rising trend of wild boar-vehicle accidents in Sweden is accompanied by higher frequencies of accidents with personal injuries and increased costs.
This article is organised as follows: in the next section the methodology used is presented and followed by a display by the empirical results, and finally, the results are discussed.
Materials and Methods
Data is obtained from two different sources, STRADA (the Swedish Traffic Accident Data Acquisition) and NVR (the Swedish Council for the Prevention of Wildlife-Vehicle Accidents, viltolycka.se). STRADA is used to extract data on traffic accidents with human injuries or fatalities, and NVR is used to collect data on all kinds of wildlife-vehicle accidents. Both databases are based on police-reported data, but STRADA also contains cases reported by hospitals.
Extraction from the STRADA Database
STRADA is an information-based system for data collection on damages and accidents for the road transport system in Sweden [24] . The police reported data consists of accidents with fatalities and personal injuries and accidents without injuries and have national coverage since 2003. The hospital data originates from emergency hospitals that register information about persons who have searched hospital care due to an injury in the road traffic environment. The information registry to STRADA is voluntarily for the hospitals and not all emergency hospitals in Sweden are included.
Data on vehicle accidents were retrieved by several searches to identify all accidents that were caused by wild boars, either by direct impact (collision with wild boar) or by indirect impact (for example if driving off the road to avoid animals). The searches included 1 January 2003 until 13 December 2016 which were performed on 14-22 December 2016. The first search included accidents registered by the category wild boar and the accident type "W5" (wild boar) and resulted in 284 accidents. Another search was made to include accidents with wild boar accidents in the accident type and as free text. The free text search included words that could be used to describe wild boar in the standard Swedish language, for example, wild boar, sow, young sow, piggy. This search yielded an additional 16 accidents. Finally, a search solely on free text (that did not include the category or accident type) was performed and an additional 109 accidents were found. All accident cases were then checked to ensure that they were triggered by or involved wild boars and were excluded if this was not the case.
The number of wild boar related accidents was based on police reports, and the number of persons injured was based on both police reports and hospital reports. For police reports, severe injuries are classified as injuries that have required inpatient care, whereas slight injuries only require non-institutional or out-patient care [21] . No wild boar-vehicle accident had a fatal outcome.
In total, 126 vehicle accidents with human injuries were found from the police-reported accidents for 2003-2016. In total, 272 persons were injured in wild boar accidents in 2003-2016, of which 21 was severely injured and 251 had slighter injuries. The high number of persons injured in relation to the number of accidents is explained by the use of the two different databases: cases from the hospitals are not registered as accidents since only police-reported accidents are included as accidents. Personal injuries from hospital reports were determined, in this study, by the following classification for ISS (injury severity score): slight injuries ISS 1-3, and severe injuries ≥ISS 4. The number of accidents reported by the police excluded cases only reported to hospitals in order to avoid overlapping observations. The mean age for injured persons were 34 (for age distribution see Appendix A, Figure A1 ) and females accounted for 48% of the accidents.
The accidents were classified in STRADA as: collisions (two accidents, 0.7%), single collisions (42 accidents, 15%), overtaking accidents (two accidents, 0.7%), other wildlife accidents (13 accidents or 4.8%), and as "real" wild boar-vehicle accidents (213 accidents, 78%). Single collisions included accidents were the vehicle collided with trees or objects in the roadside environment.
Extractions from the National Database on Accidents
Data on all reported wild boar-vehicle accidents 2003-2016 were retrieved on 11 January 2017 from the national database Nationella Viltolycksrådet (NVR) [10] . The database is relatively accurate since drivers in Sweden are obliged to report ungulate vehicle accidents by law [25] to the authorities. The database includes all types of wildlife-vehicle accidents, i.e., both property damages and accidents with personal injuries. In total, the dataset contained 36,087 wild boar-vehicle accidents for 2003-2016.
Calculations and Analyses
In order to examine the relation between costs and traffic accidents with wild boar, we estimate the power of traffic accidents in explaining personal injuries by simple regression analysis. With only 14 observations, it is necessary to minimise the number of independent variables to explain the number of injured persons. The data displayed in Figure 1 indicates a nonlinear relation where injured persons increase at an increasing rate in the number of total accidents. 
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In order to examine the relation between costs and traffic accidents with wild boar, we estimate the power of traffic accidents in explaining personal injuries by simple regression analysis. With only 14 observations, it is necessary to minimise the number of independent variables to explain the number of injured persons. The data displayed in Figure 1 indicates a nonlinear relation where injured persons increase at an increasing rate in the number of total accidents. where Pt is persons injured, At are the number of total accidents, Dt is the dummy and εt the error term. However, the At variable is endogenous and dependent on, among others, traffic volume, driving behaviour, speed limits, and wild boar population. The existence of endogenous explanatory variables results in biased when using Ordinary Least Square (OLS) estimate. We, therefore, test for the existence of endogeneity with traffic volume [26] and hunters bags of wild boar [27] as instruments. The instrument(s) must fulfil the exclusion restriction criteria of being correlated to the endogenous covariate(s) and only correlate with the outcome variable through the endogenous At. Several studies have shown that traffic volume affects the number of accidents, but there is probably not a direct link to the seriousness of the accident. The number of wild boars is also likely to affect accidents at given levels of traffic volume, e.g., [20] . There is no data on population sizes, and we therefore use the number of hunting bags as an instrument.
A Durbin-Wu-Hausmann test of endogeneity of At showed that the hypothesis of exogenity could not be rejected. Further tests were therefore made of the validity and strength of the We then specify a linear and nonlinear regression model as:
where P t is persons injured, A t are the number of total accidents, D t is the dummy and ε t the error term. However, the A t variable is endogenous and dependent on, among others, traffic volume, driving behaviour, speed limits, and wild boar population. The existence of endogenous explanatory variables results in biased when using Ordinary Least Square (OLS) estimate. We, therefore, test for the existence of endogeneity with traffic volume [26] and hunters bags of wild boar [27] as instruments. The instrument(s) must fulfil the exclusion restriction criteria of being correlated to the endogenous covariate(s) and only correlate with the outcome variable through the endogenous A t . Several studies have shown that traffic volume affects the number of accidents, but there is probably not a direct link to the seriousness of the accident. The number of wild boars is also likely to affect accidents at given levels of traffic volume, e.g., [20] . There is no data on population sizes, and we therefore use the number of hunting bags as an instrument.
A Durbin-Wu-Hausmann test of endogeneity of A t showed that the hypothesis of exogenity could not be rejected. Further tests were therefore made of the validity and strength of the instruments. The overidentification test showed that the instruments were valid, and the test of the strength of the instruments showed a joint significance with F statistic exceeding 10 which is usually required for strong instruments [28] . Test statistic also revealed the existence of heteroscedasticity, and we therefore estimate robust standard errors. We present the results from both OLS and the instrumental variable method, both with robust standard errors.
Costs for wild boar-vehicle accidents were calculated based on the Swedish Transport Administrations statistical value of life for fatalities and injured in Sweden [21, 29] , see Table 1 . However, a previous study has shown that a more realistic cost for property damages for wild boar-vehicle accidents in Sweden is EUR 2222, which is well above the standardised cost of EUR 1450 for an accident with property damages only [11] . We, therefore, used a value of EUR 2222 for property damages of wild boar-vehicle accidents instead. Table 1 . Statistical values of causalities avoided per person for fatalities and injured in Sweden [21, 29] and per accident for wild boar property damages [11] . 
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EUR Fatalities 2,454,106 Severe injuries 454,106 Slighter injuries 22,222 Property damages 2222
Results
Wild boar-vehicle accidents show an increasing proportion of all wildlife-vehicle accidents in Sweden (Figure 2 The number of wild boar-vehicle accidents reached new record levels in 2016 with 4739 reported wild boar-vehicle accidents ( Table 2 ). The major part of the wild boar-vehicle accidents are property damage accidents, and very few accidents result in personal injuries (Table 2 ). In Table 2 it is clearly shown that the number of injured persons per year has increased, and in Figure 3 it is shown that the number of severely injured persons in wild boar-vehicle accidents has increased from zero to a few persons per year between 2010 to 2016, except for in 2015 when no one was severely injured in a wild boar-vehicle accident (Figure 3) . The number of persons injured (both severe and slight injuries) and The number of wild boar-vehicle accidents reached new record levels in 2016 with 4739 reported wild boar-vehicle accidents ( Table 2 ). The major part of the wild boar-vehicle accidents are property damage accidents, and very few accidents result in personal injuries (Table 2 ). In Table 2 it is clearly shown that the number of injured persons per year has increased, and in Figure 3 it is shown that the number of severely injured persons in wild boar-vehicle accidents has increased from zero to a few persons per year between 2010 to 2016, except for in 2015 when no one was severely injured in a wild boar-vehicle accident (Figure 3 ). The number of persons injured (both severe and slight injuries) and the amount of accidents leading to personal injuries has stayed at relatively low levels (<5 at the national level) despite high increases in the total number of accidents until 2010. After that, they increased manifold to approximately 40-50 persons per year and approximately 20 accidents per year (Table 2, Figure 3 ). The increase is mainly explained by an increased number of persons with slighter injuries (Figure 3) . Figure 3 ). The increase is mainly explained by an increased number of persons with slighter injuries (Figure 3 ). The results in Table 3 show that the nonlinear model gives the best statistical fit as measured by adj. R 2 and p-values (Table 3) . Accidents are significant in both models at the 95% level in the linear and 99% level in the nonlinear model. As expected, the dummy for the years 2010-2016 is positive which reflects the increase in reported injuries for this year. The linear models predict that the number of injured persons increases by 0.0071 of an increase in accidents by one unit. The corresponding increase based on the nonlinear model depends on the level of accidents. At the 2016 level of 4739 accidents, injured persons increase with 0.0114 of a unit increase in wild boar accidents. Costs of wild boar-vehicle accidents have increased since 2003, with a sharp increase in the costs of personal injuries from 2008 but with variation in specific years (Table 4) . Since 2012, the total costs of wild boar-vehicle accidents have stayed above EUR 9.66 million, of which property damage accounts for approximately EUR 7.9-11 million. In 2016, costs were EUR 12.3 million, and property damages accounted for 86% of the total cost. In the last 13 years, the costs for wild boar-vehicle accidents have increased by 536%, from EUR 1.9 million to 12.3 million (Table 4 ). The results in Table 3 show that the nonlinear model gives the best statistical fit as measured by adj. R 2 and p-values (Table 3) . Accidents are significant in both models at the 95% level in the linear and 99% level in the nonlinear model. As expected, the dummy for the years 2010-2016 is positive which reflects the increase in reported injuries for this year. The linear models predict that the number of injured persons increases by 0.0071 of an increase in accidents by one unit. The corresponding increase based on the nonlinear model depends on the level of accidents. At the 2016 level of 4739 accidents, injured persons increase with 0.0114 of a unit increase in wild boar accidents. Significance levels; *** p < 0.01, ** p < 0.05, * p < 0.10.
Costs of wild boar-vehicle accidents have increased since 2003, with a sharp increase in the costs of personal injuries from 2008 but with variation in specific years (Table 4) . Since 2012, the total costs of wild boar-vehicle accidents have stayed above EUR 9.66 million, of which property damage accounts for approximately EUR 7.9-11 million. In 2016, costs were EUR 12.3 million, and property damages accounted for 86% of the total cost. In the last 13 years, the costs for wild boar-vehicle accidents have increased by 536%, from EUR 1.9 million to 12.3 million (Table 4) . 
Discussion
The rising trend of wild boar-vehicle accidents is accompanied by an increased amount of personal injuries, both severe and slighter injuries, as well as increased costs. The number of persons with injuries (severely and slightly injured) from wild boar-vehicle accidents has increased, especially after 2010. The regression analyses showed that the number of injured persons increases at an increasing rate in traffic accidents with wild boar. Based on the frequency analysis in this study, in average approximately one person per 100 accidents (1.13%) is injured, and approximately one accident per 200 wild boar-vehicle accidents will result in one or more persons with injuries (0.5%). However, most of the injuries are slighter injuries, and few are severe injuries. The number of persons with severe injuries caused by wild boar-vehicle accidents varies between zero and six per year. This variation is probably explained by factors such as vehicle speed, weather, number of passengers, county, traffic load, road geometry, vehicle-related characteristics, driver-related factors and unknown circumstances. In this study, we did not have the opportunity to examine the accident cause in more detail for any of the accidents but used the available information accessible in STRADA. Thus, this paper provides some general insight into wild boar-vehicle accidents and their trends at the national level. Future research may include more detailed analyses to better account for both the observed and the unobserved heterogeneity, for example by the use of mixed logit models as has been applied for single-vehicle crashes [30] , random parameter multinomial logit models [31] , or the use of cross-classified multilevel models to better incorporate regional heterogeneity [32] .
When compared with the total amount of persons injured in all road traffic accidents each year in Sweden (approximately 20,000 per year) [33] , the number of injured persons from wild boar-vehicle accidents is relatively low. However, the wild boar population will continue to expand during forth-coming decades in specific geographical areas in Sweden and colonise new areas and thereby increase the frequency of accidents which results in an increased number of persons injured in wild boar-vehicle collisions. For example, wild boar-vehicle collisions increased from 4739 in 2016 to 6082 in 2017 [34] . The correlation between increased population sizes and a higher frequency of vehicle collisions has also been shown in other studies where the wild boar is increasing, in, for example, Estonia [35] .
Comparisons with wild boar accidents in Spain suggest that it is more likely that a wild boar-vehicle accident will result in human injuries than what was found in this study. In Spain, 180 persons were injured out of a total of 5005 accidents for the period 2006-2012 [16] , whereas in Sweden, 272 persons were injured out of a total of 36,087 accidents for the period 2003-2016. In Spain, the proportion of injured persons out of the total accidents is 3.6% while in Sweden it is approximately 1%. This difference might be explained by the fact that many of the accidents that occur in Spain take place in the northern mountainous provinces, where road traffic condition might be severe, leading indirectly to accidents with higher damage consequences.
In general, the frequency of accidents resulting in human injuries compared to all accidents with wild boar was in this study found to be 0.5%, which is perhaps low in comparison with other studies. For moose accidents, frequencies of 3-8% have been reported [36] . Besides, in Sweden, 5.2% of the moose accidents resulted in fatalities or human injuries, while 0.14% of the deer accidents resulted in fatalities or human injuries for the years 2013-2015 [37] . The frequency of accidents with human injuries compared to the total amount of wild boar accidents may the physical conditions for the accident (moose can weigh between 200-550 kg [38] , and wild boar can weigh 100-200 kg [39] ), leading to high frequency of human injuries when colliding with large and heavy animals. Consequently, even though the number of wild boar-vehicle accidents and the number of persons injured in the accidents have increased, the frequency of accidents resulting in personal injuries are still at low levels in comparison with, for example, moose accidents.
Costs of wild boar-vehicle accidents in Sweden have been calculated to EUR 5.8 million per year for 2011 [11] but did not include personal injuries since such accidents were few for the years included in the calculations. In this study, we calculated the cost of wild boar-vehicle accidents to EUR 6.85 million for 2011 which is in line with the previous study. However, since the number of persons injured has increased after 2011, the cost for wild boar-vehicle accidents has increased and is currently estimated to vary between approximately EUR 9.66-12.31 million per year.
This study shows that an increased number of wild boars may lead to a possible increase in road traffic accidents. No specific countermeasures, except adapted wildlife fences, are currently used to reduce wild boar accidents in the road planning process in Sweden. However, wildlife accidents may be counteracted through measures targeting the animals or through an impact on driving behaviour. For example, interdependencies between animal-vehicle accidents and the animal population size may result in smaller populations and thereby a decreased number of future accidents [40] . Similarly, in a study in Finland, moose-vehicle accidents were positively related to the moose population abundance and the traffic volume [36] . However, when studying spatiotemporal patterns of wildlife road-crossings and wildlife-vehicle collisions, a higher collisions risk seems to be primarily due to low light and poor road surface conditions, indicating that wildlife accidents countermeasures should be aimed at driver behaviour rather than animal movements [41] . Countermeasures for adjusting driver behaviour to mitigate wildlife-vehicle accidents involves speed-reduction to minimise accident damage consequences and measures aimed at making drivers more observant on animals in the road environment [42] . A conventional countermeasure is static wildlife warning sign, but their effectiveness has been questioned since drivers get accustomed to them over time [43, 44] . Active warning signs, such as radio warning messages seem to have a more long-term speed reducing effect [44] .
In this study, we did not account for the under-reporting of wildlife-vehicle accidents. The under-reporting of accidents can be substantial, and it is therefore recommended by the Swedish Transport Administration to use weights for calculating the actual number of accidents from the number of accidents reported by the police. For example, weights for fatalities are 1.0, for severe and slight injury in accidents with motor vehicles it is 1.7 in rural areas and 1.5 in urban areas, for property damage accidents it is 7, and for accidents with ungulates, it is 2.0. However, other studies in Sweden have shown that an under-reporting weight of 2.0 for wildlife accidents is probably too high and it is therefore recommended to use a weight of 1.15 (±5%) for wildlife-vehicle accidents in general [12, 45] . On the other hand, in this study, we used datasets from both police-reported accidents and hospital-reported accidents and we also included accidents that were not originally classified as wild boar accidents in STRADA, so it is not clear if it would be correct to implement weights for our analyses. The Swedish Transport Administration uses weights for police-reported cases, and do not include cases reported by the hospitals in the calculations.
Future possible studies would, for example, include more detailed accident analyses as mentioned above, but may also include studies to investigate the causal effects of driving behaviour, or road or environmental factors on wild boar-vehicle accidents. Previous studies have shown that driving behaviour is an essential factor in wildlife-vehicle accidents and it is likely that driver behaviour may also influence the damage consequences of accidents. 
